Cellular and rheological factors contributing to sickle cell microvascular occlusion.
Sickle (HbSS) erythrocytes contain subpopulations that are heterogeneous in shape, size, and density and exhibit abnormal microcirculatory behavior. Their phthalate esters density distributions quantitatively distinguish subpopulations of HbSS cells from density profiles of normal (HbAA) erythrocytes. Filtration of HbSS cell suspensions, devoid of leukocytes, through 5-microns Nucleopore filters at constant flow rate (29.5 microliters/s) yields pressure-time curves that demonstrate deformability of the sickle cells to be several-fold less than equivalent suspensions of normal (HbAA) cells. For a cell flux of 6.43 X 10(5) cells/s, the rate of the rise of the pressure (Pi/t) following 1-2 s of the initial pressure reading indicates occlusion of the filter pores by the dense cell fraction. Rats exchange-transfused with human sickle (HbSS), normal (HbAA), or autologous rat erythrocytes were used to investigate the flow dynamics of these cells in the mesenteric microcirculation by intravital videomicroscopy. Time-averaged velocities of the autologous rat red cells in 16-30 microns (i.d.) arterioles ranged from 1.10 to 1.25 mm/s with varying flux and wall shear rates. Time-averaged velocities of the HbAA cells in single 15-35-microns arterioles ranged from 1.16 to 1.24 mm/s with wall shear rates similar to the estimates for the autologous cells. In contrast, sickle cells exhibited time-averaged velocities of 0.38-0.45 mm/s with lower wall shear rates in 10-35 microns single unbranched arterioles with three times less volumetric flux. In some arterioles, sickle RBCs with a high axial ratio of 3-4 and low deformability showed apparent adhesion to endothelial surfaces and occluded precapillary junctions or entry points for several seconds until dislodged by the higher flow velocity. Within single unbranched vessels or at microvascular bifurcations, sickle elliptocytes and sickle echinocytes with low deformability and axial ratios of 3-4 obstructed flow and exhibited residence times of 6-75 s at the sites of occlusion, thereby causing stasis and increasing the local apparent viscosity. Thus, both the in vitro and in vivo data demonstrate the rheological disequilibrium state induced by HbSS cells as they traverse artificial micropores or course through successive segments of the microcirculation. The specific tendency of dense cells with high axial ratio (ISCs) to manifest precapillary junctional blockade and prolonged residence times implicates this cell fraction in the initiation of microvascular occlusion.